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Introduction
Endovascular treatment of abdominal aortic aneurysms (AAA) has been used successfully for more than a decade. [1] [2] [3] Recently, two randomized trials demonstrated that the aneurysm-related mortality was lower in patients with endovascular repair than in those with open repair of their aneurysm during a follow-up period of 4 years. 2, 3 Despite this favourable mid-term outcome, the long-term durability remains a subject of concern, and lifelong surveillance to observe satisfactory endograft function is considered essential. [4] [5] [6] [7] [8] Device-related complications such as endoleak and graft migration were frequently observed. These events are associated with an increased risk for aneurysm rupture and therefore need to be identified as early as possible. [9] [10] Graft thrombosis may cause also considerable symptoms. These adverse events are repaired by a secondary intervention. 4, [11] [12] [13] The incidence of secondary interventions may be considered a surrogate parameter of impending failure of treatment while also representing an important factor to maintain the long-term functionality of the stent-graft repair. Secondary procedures can be categorized according to the invasiveness of the procedure: (1) transabdominal interventions (either with conversion to open repair or with preservation of the endograft), (2) extraanatomic interventions, and (3) transfemoral interventions.
The need for secondary interventions after endovascular AAA repair had been investigated previously by using the EUROSTAR database. 4 In this previous assessment, however, the study outcome was primarily determined by the early generation stent-grafts. New developments in endograft design most likely will provide better outcome results. 14 In the present EUROSTAR review, the need for secondary interventions according to current treatment was reassessed.
Methods

Design
The project of European collaborators on stent-graft techniques for AAA repair (EUROSTAR) registry was established in February 1996 with the purpose of collating and investigating an extensive multicentre experience on endovascular AAA repair. 15, 16 Patients with a nonruptured, asymptomatic infrarenal AAA who underwent elective endovascular repair were prospectively enrolled into the registry after their consent and studied on an intention-to-treat basis. All patients received commercially available CEapproved stent-grafts. The endograft brands that were used in this study The EUROSTAR database is maintained on a Website (www.eurostaronline.org). This site offers data entry facilities to participating physicians (KIKA Medical, Nancy, France), and password-protected access is available for centres and companies to their own data. Alternatively, data submission by fax or mail is available.
The current analysis includes 2846 patients from 131 centres (Appendix, online only). Primary procedures were performed between December 1999 and December 2004. The patients had a minimal follow-up of 12 months unless a secondary intervention occurred before the 12 month visit. These inclusion criteria were similar as in our earlier series. Additional interventions performed at the time of the initial procedure were not counted as secondary procedures. Follow-up visits were scheduled at 1, 3, 6, 12, 18, and 24 months postoperatively and annually thereafter. The aneurysm diameter was determined over the minor axis at the site of the largest cross section. All patients included in the analysis had an aneurysm diameter of >40 mm.
The cumulative incidences of secondary interventions were categorized in transabdominal, extra-anatomic, and transfemoral procedures. In patients who underwent multiple procedures, only the most extensive procedure was taken into account, and if two interventions of equal extent were performed, the first one was considered the index intervention.
Secondary interventions were correlated with findings at computed tomography examination and clinical assessment during follow-up to assess for reintervention. Indications included device migration, different types of endoleak, thrombosis, stenosis, kinking of endograft limbs, and rupture of the aneurysm. In addition, procedure-related mortality (defined as death <30 days of the secondary intervention) and the all-cause mortality during follow-up were compared among the three types of reinterventions. Reporting was in accordance with the guidelines of the ad hoc Committee for Standardized Reporting Practices in Vascular Surgery of The Society for Vascular Surgery/American Association for Vascular Surgery. 17 
Statistical analysis
Kaplan-Meier life tables were used to draw cumulative incidence and survival curves for all types of secondary interventions. Values were represented as means ± standard deviation and ranges. Relative risk ratios (RR) were calculated to correlate secondary interventions with their indications in the follow-up visit preceding reintervention. Multivariate logistic regression was performed for independent comparisons of operative 30-day mortality. The multivariate Cox proportional hazards model was used to calculate independent associations with survival during the postoperative and entire follow-up period. p<0.05 was considered statistically significant. Analysis was performed by using SAS (version 8.0) statistical software (SAS Institute Inc, Cary, North Carolina).
Results
The 2846 patients who constituted the study group had a mean age of 72.0 ± 7.5 years (range, 43 to 100 years) at the time of the primary procedure. The Zenith endograft was the most frequently used device (40%), followed by Talent (28%) and Excluder (15%) ( Table 1 ). The mean length of followup was 23 ± 12 months (range, 1 to 60 months). During the follow-up period, the mean AAA diameter shrunk from 58 to 51 mm. Most of the patients were classified as American Society of Anesthesiologists (ASA) grade II or III (Table 2 ). In 1755 patients (62%), the maximum transverse diameter of the aneurysm was >5.5 cm, and 1091 patients (38%) had an aneurysm between 4 and 5.5 cm. Secondary interventions were performed in 247 patients (8.7%) at a mean time of 12 ± 13 months (range, 1 to 48 months) after the initial procedure. There was no significant difference in the rates of reintervention between the different stent-graft labels or bifurcated or aortouniiliac endograft configuration. In large aneurysms (>5.5 cm), the incidence of secondary interventions after 2 years was higher than in small aneurysms (9.9% compared with 7.1%, Kaplan-Meier analysis p=0.0348). No other morphologic parameters were found to correlate with the incidence of secondary interventions. In aneurysms without endoleaks (completely excluded), the incidence of secondary intervention after 2 years was lower than in patients with endoleaks at the completion angiogram (8.2% compared with 12.0%, p=0.0133). Follow-up continued for a mean of 11 ± 12 months (range, 0 to 47 months) after the secondary intervention.
Secondary interventions
A transabdominal approach was used for 57 of the interventions (23%), 43 procedures (16%) involved extra-anatomic exposure, and 147 interventions (60%) were transfemoral procedures. The cumulative incidence of all secondary interventions in the entire patient cohort was 6.0%, 8.7%, 12%, and 14% at 1, 2, 3, and 4 years respectively (Fig 1) . This corresponded with an annual rate of 4.6%. 
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Transabdominal secondary interventions
Conversion to open AAA repair constituted 40 of the 57 secondary transabdominal interventions. In 17, the endograft was preserved, which involved a banding procedure for endoleak, iliofemoral bypass, or laparoscopic clipping. The cumulative incidence of secondary transabdominal interventions was 0.9%, 1.9%, 3.2%, and 5.0% at 1, 2, 3, and 4 years, respectively. The indications for conversion to open surgical repair were rupture of the aneurysm in 5 patients (RR, 34.1), device migration in 8 (RR, 24.2), type I endoleak in 10 (RR, 20.1), aneurysmal growth in 14 (RR, 14.6), and endograft infection in 3 (RR, 71.2) ( Table 3) . Eight patients had more than one indication, and no indication was given in five patients. The indications for secondary transabdominal interventions with preservation of endograft function were type I endoleak in five (RR, 28.3), thrombosis in two (RR, 43.1), and aneurysmal growth in five (RR, 12.4). Three patients had more than one indication, and no indication was given in one patient.
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Secondary interventions 
Extra-anatomic secondary interventions
Most of the extra-anatomic procedures (28 of 43) consisted of femorofemoral cross-over bypasses. In a few patients, axilofemoral bypasses were used. The cumulative incidence of secondary extra-anatomic interventions was 1.2%, 1.6%, and 2.3% at 1, 2, and 4 years, respectively. The most frequent indication for a secondary extra-anatomic bypass graft was graft thrombosis in 24 cases (RR, 78.5) ( Table 3) . Further indications were type I endoleak in five (RR, 9.0) and stenosis in six patients (RR, 53.4). Two patients had more than one indication, and no indication was given in three patients.
Transfemoral secondary interventions
Secondary transfemoral interventions consisted of 76 additional stent-graft or stent placements, including endograft limb extensions, stenting using bare stent or endovascular conversion to an aortouniiliac endograft, 30 coil embolizations of endoleak, 10 thrombectomies, and 13 angioplasty proce-112 
Risk factors for secondary intervention
Independent baseline risk factors for secondary interventions were a required adjuvant procedure (p=0.0001), proximal endoleak (p=0.0040), and midgraft endoleak (p=0.0170) evident at the primary procedure.
Patient age, gender, ASA risk classification, systemic comorbidities, type of device, and preoperative aneurysm diameter with thresholds at 5.5, 6.0, and 6.5 cm were not independent risk factors for a secondary intervention.
Secondary interventions and associated mortality
The operative mortality rate after transabdominal reintervention was 12.3%. This was significantly higher than the operative mortality rate of 2.3% for patients with extra-anatomic and 2.7% for transfemoral secondary interventions (p=0.0069). Six patients died after conversion to open repair (15.0%), and one patient died after an endograft-saving transabdominal intervention (5.9%). The difference between these two was not significant (p=0.34). Considering only conversions to open repair, operative mortality was significantly higher than for less invasive reinterventions, such as extra-anatomic and transfemoral procedures combined (p=0.0009). The difference between endograft-saving transabdominal intervention and the combined group with extra-anatomic and transfemoral interventions was not significant. The all-cause mortality rate was higher for both secondary transabdominal interventions (p=0.0157, hazard ratio, 2.6; 95% confidence interval, 1.2 to 5.5) and extra-anatomic interventions (p=0.0001, hazard ratio, 2.0; 95% confidence interval, 1.4 to 2.9) compared with patients without a secondary intervention, independent of patient age, fitness, endoleaks, and all graft-related complications, as assessed by multivariate Cox regression. The 3-year survival rates were 80.5%, 62.5%, and 86.2% for patients with transabdominal, extra-anatomic, and transfemoral reinterventions,
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Secondary interventions respectively (Fig 2) . All deaths after transabdominal reinterventions were operative death <30 days of the secondary procedure; no further deaths occurred. Seven patients who underwent extra-anatomic reinterventions died of unrelated causes, and one died perioperatively. The mortality rate for patients who underwent secondary transfemoral interventions was not higher than for patients without reinterventions. Ten patients who underwent transfemoral reintervention died of unrelated causes, one died of aneurysmal rupture, and three died of procedure-related causes. The difference in mortality rate between transabdominal and extra-anatomic reinterventions was not significant (p=0.33). 
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Discussion
The main finding of the current study was a markedly reduced annual rate of secondary interventions compared with the earlier EUROSTAR experience reported on the patient series who had operations before December 1999 (4.6% vs 9.1%). 4 In 8.7% of patients, a secondary procedure was performed at some time during follow-up in contrast to 18% of patients in the early experience. A survey of 15 studies demonstrated secondary interventions in 17% of patients (683/3905) with endovascular aneurysm repair, ranging from 10% to 34%, which was higher than in the current study. 6, 7, [11] [12] [13] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] This is in agreement with our present results and suggests that the need for secondary interventions has tended to decline in recent years.
The lower rate of secondary interventions compared with earlier implanted stent-grafts may be explained by improved stent-graft design 14 and by increased experience of the physicians. 28 In grafts of early design, a considerably higher secondary intervention rate of 48% to 54% was reported. 13, 29 The main differences in baseline variables between the two study periods included use of current devices in 100% compared with 26% and a median patient age of 72 vs 69 years in the present and previous overview, respectively. Other variables, including the median aneurysm diameter, were similar in both studies.
There was a trend towards a higher relative proportion of transabdominal and extra-anatomic reinterventions compared with our earlier series (23% and 17% of the total number of secondary procedures vs 12% and 11%, respectively). This trend was largely due to a significant decline in the need for secondary transfemoral interventions compared with the earlier experience, whereas the need for surgical procedures had not significantly decreased. However, the most frequently performed reinterventions still consisted of transfemoral procedures. In contrast with our findings, Flora et al 13 reported a shift from open to endovascular secondary interventions. In their experience, more complications were managed by endovascular techniques over time when they compared the outcome in two study periods. In addition, a decreased incidence of device-related complications was observed in the more recent period, suggesting that this type of complication was increasingly dealt with by endovascular technique.
Similar to Sampram et al, 12 proximal type I endoleak evident on the completion angiogram was predictive of later secondary interventions. They found that the incidence of secondary interventions correlated with the aneurysms with the largest diameter and whether the patient was treated later in the study period. The given explanation was that reinterventions were performed more aggressively in large aneurysms and increased over time with more anatomically challenging cases. We could not confirm the 115 Secondary interventions aneurysm size, and we found an opposite association for the frequency of reinterventions over time. This was in agreement with their expectation that newer devices might diminish the rate of secondary procedures.
Transabdominal and extra-anatomic procedures were more risky for the patient, as these procedures generally were associated with a higher mortality rate. Extra-anatomic procedures had an increased risk of late death independent of patient fitness and prothrombotic state, and transabdominal procedures were associated with increased operative mortality. The mortality rate of 15% after secondary conversion to open repair was high and exceeded the perioperative mortality rate after elective open repair. 31, 32 This observation was in agreement with the findings in other studies ranging from 0% to 40%, 11, 12, 18, 21, 22, 26, 30, 33, 34 but is lower than the reported 24.4% mortality after secondary conversion in the earlier EUROSTAR experience. 9 When a transabdominal reintervention was survived for the first month, no further deaths during continued follow-up were recorded in the present study cohort. This suggests that patients who were medically fit were selected for an open secondary intervention.
From the previous EUROSTAR and other studies, a considerable amount of device-related complications are known to occur for which no reinterventions are performed. 16, 19 Some of these will be managed conservatively, and there is a consensus that type II endoleaks without aneurysm growth should be treated expectatively. 35 Other endoleaks and graft complications may intentionally be left untreated because the patient is unfit. Most physicians will agree, however, that a secondary intervention is definitely indicated in case of aneurysm growth, whereas the complication may only be observed in shrinking aneurysms.
Some patients in the EUROSTAR cohort were awaiting intervention that had been planned, but was not yet performed, and some reinterventions may have yet to be reported because of delay in follow-up data entry. This may underestimate the incidence of secondary interventions. On the other hand, some secondary interventions were performed without a recorded indication (i.e. missing information). This underreporting of indications is a weakness of a voluntary registry such as EUROSTAR. Elaborate case record forms may cause poor compliance of participants, and the follow-up form that was used represented an unavoidable compromise.
Further limitations included possibly a lack of consecutive patient entry. Because patient enrolment was voluntary, it was not known how many centres did not enroll all of their patients but only selected cases. From personal communication with participating centres, we suppose that most did enroll consecutive cases, at least for the period of participation in the registry.
An additional aspect that may have influenced the observed rate of secondary interventions was the exclusion from our analysis of patients that had an uneventful follow-up period of <1 year. The reasons for this were: 1. The requirement of a secondary intervention is a function of follow-up time. Including many patients with short follow-up would have resulted in a relatively lower rate, whereas we wanted to avoid a picture that was too positive regarding the need of secondary interventions. 2. A comparison of the rates of performed reinterventions with the outcomes in our previous publication 4 was considered most important. That substantially lower secondary intervention rates were found indicates the positive effect of the use of current generation stent-grafts. Accurate parameters that define the need for secondary interventions to treat endoleaks have not yet been fully established. 13 Expansion of the aneurysm sac is, however, an accepted indication for reintervention. 36 In the present study, aneurysm expansion was observed in 17% of patients with secondary interventions, and it was the only reason in 10%.
Conclusion
The incidence of secondary interventions after endovascular aneurysm repair had decreased significantly in recent years. This decrease was mostly due to a lower incidence of transfemoral secondary procedures. Transabdominal and extra-anatomic reinterventions had relatively decreased less and were associated with an increased mortality risk. Continuing need for surveillance with regard to device-related complications remains necessary.
